Abstract Aim/hypothesis: Perinatal overfeeding predisposes humans and rats to obesity and diabetes in later life. One classical model for studying the effect of early feeding is manipulation of the size of rat litters. Rats growing up in small litters gain more weight than rats growing up in normal-sized litters. Interestingly, these obese rats maintain this phenotype in adulthood. Conversely, rats raised in large litters show a delay in growth and a decrease in body weight. The aim of this work was to assess the hypothalamic control mechanisms of food intake regulated by perinatal feeding. Methods: Leptin levels were analysed using RIA. Leptin receptor mRNA levels were analysed using RT-PCR. Neuropeptide mRNA levels were analysed using in situ hybridisation. Results: Perinatally overfed neonatal male rats exhibited hyperleptinaemia and a decrease in hypothalamic mRNA levels of the long isoform of the leptin receptor (OB-Rb), explaining their leptin resistance. Moreover, this obese model showed an increase in the mRNA expression of cocaine-and amphetamine-regulated transcript, neuropeptide Y and agouti-related protein in the hypothalamic arcuate nucleus (ARC). In contrast, perinatally underfed neonatal male rats with hypoleptinaemia showed an increase in hypothalamic mRNA of the short isoforms of the leptin receptor. Furthermore, they exhibited an increase in expression of neuropeptide Y and agoutirelated protein in the ARC. Conclusions/interpretation: Rats overfed during early postnatal life show a leptinresistant state mediated by down-regulation of the hypothalamic OB-Rb. These data, together with the increased expression of neuropeptide Y and agouti-related protein in specific neurons in the ARC, might indicate the existence of regulated programming in this nucleus and may provide a new aetiopathogenic concept in susceptibility to obesity.
Introduction
The regulation of feeding is an homeostatic mechanism in which several coordinate systems are implicated [1, 2] . Among the different levels of regulation, the hypothalamus plays a major role. Thus, feeding is regulated by hypothalamic neuropeptides that promote (orexigenic) or inhibit (anorexigenic) food intake. Of these, neuropeptide Y (NPY) in the arcuate nucleus (ARC) and dorsomedial (DMN) nucleus of the hypothalamus, agouti-related protein (AgRP) in the ARC, and melanin-concentrating hormone (MCH) and orexins/hypocretins in the lateral hypothalamus (LHA) have prominent orexigenic actions. Among the anorexigenic signals, thyrotropin-releasing hormone (TRH) in the paraventricular nucleus (PVN) and cocaine and amphetamine-regulated transcript (CART) peptides in the ARC, PVN and LHA, play important roles [3, 4] .
All these neuropeptides are targets of leptin [3, 4] . This hormone exerts its action through the leptin receptor (OB-R). Five splice variants of this protein (OB-Ra, OB-Rb, OB-Rc, OB-Re and OB-Rf) are present in the rat hypothalamus [4, 5] . The long isoform (OB-Rb) is the variant implicated in signal transduction [4, 5] . The other isoforms could act as leptin sequesters and transporters, binding leptin without transduction [5, 6] .
Obesity and associated metabolic alterations are growing problems in public health [2, 7, 8] . Although a positive energy balance is likely to be a final common pathway for obesity, changes in eating behaviour and genetic susceptibility are factors that have emerged recently [2, 9] . Interestingly, becoming overweight during critical developmental periods of fetal and/or neonatal life has been shown to continue throughout juvenile life into adulthood. Thus, epigenetic environmental factors, like fetal and neonatal nutrition, acting during critical perinatal periods, play a key role in the development of obesity [10, 11] . The specific biological mechanisms underlying fetal/neonatal programming are largely unknown. It has been suggested that hypothalamic dysfunctions [12, 13] and programming of relative leptin concentrations by early diet [14] are mechanisms that link early nutrition with later obesity. Several studies suggest the existence of alterations in the hypothalamic feeding-regulation systems in the postnatal overfeeding model. It has already been shown that these rats are hyperleptinaemic with central leptin resistance [15] [16] [17] [18] and hyperinsulinaemic with central insulin resistance [19, 20] . However, there are no data about the mechanisms underlying this programmed leptin resistance and the possible changes induced by early nutrition on the expression of hypothalamic neuropeptides.
The aim of this study was to assess how perinatal over-and underfeeding, caused by manipulation of litter size, regulates hypothalamic food intake control mechanisms. Thus, we assessed the nuclei-specific expression of different neuropeptides using in situ hybridisation. Furthermore, since leptin resistance is one of the main features of many experimental models of obesity, as well as of human obesity [21] , we assessed the expression of the different OB-R isoforms in the hypothalamus.
Materials and methods
Animals Pregnant female Sprague-Dawley rats (300-350 g) (Animalario General USC, Spain) were housed at 23°C under a 12-h light (08.00-20.00 hours), 12-h dark cycle. Animals were allowed free access to standard laboratory pellets of rat chow and tap water. On day 2 of life, newborns were randomly distributed among the mothers. To induce early postnatal over-, under-or normal feeding, the litter size was adjusted on day 2 of life to four to five rats in each litter (small litters, SL, n=50 pregnant mothers, early postnatal overfeeding), 22 to 24 rats in each litter (large litters, LL, n=9 pregnant mothers, early postnatal underfeeding), or 12 newborns in each litter (normal litters, NL [control], n=25 pregnant mothers, normal feeding) [19, 22] . The number of animals of each sex in the three kinds of litter was balanced. No mortality was found in the NL and SL groups, but in contrast with previous reports [19] mortality in the LL groups was 20 ±4.6% before day 11; after this time no mortality was detected in that group. Animals were separated from their mothers at day 24 (not at day 21 as in previous reports [19, 22] ) in order to ensure complete weaning [23] due to the known delay to weaning observed in LL pups [19, 22] .
The Ethics Committee of the University of Santiago de Compostela approved the protocols, and experiments were performed in agreement with the rules of laboratory animal care and international law on animal experimentation.
Body measurements and sample collection Animals were weighed twice per week. On day 24, the length of the rats was measured (excluding tail: nasal-anal distance) and the relative body weight/body length (g/cm) was determined. On this day, 16 to 20 male rats from each group were randomly assigned to the investigation presented here. The growth curves presented in Fig. 1 correspond to male rats; female rats showed a similar pattern of growth.
Rats were quickly decapitated, in a separate room, and their brains removed. One set of brains (6-10 animals per experimental group) was removed intact for in situ hybridisation analysis. In the other set of brains (10 animals per Fig. 1 a Evolution of body weight during the suckling period of male rats from normalsized litters (NL), small litters (SL) and large litters (LL). The arrow shows the time of the adjustment of litter size (day 2). **p<0.01 vs. NL; ***p<0.001 vs. NL. In order to simplify the figure, comparisons between SL and LL groups have been omitted. b NL, SL and LL male rats at 24 days old experimental group) the hypothalamus was dissected as previously described [24, 25] for RT-PCR study. All these samples were frozen immediately on dry ice and maintained at −80°C until processed. Trunk blood was collected in heparinised tubes, centrifuged immediately and the plasma separated and kept frozen at −20°C until assayed. Due to the presence of circadian changes in hypothalamic mRNA content of the neuropeptides evaluated in this study [26] [27] [28] [29] [30] , the animals (NL, SL and LL) from each experiment (two independent experiments) were killed on the same day (18.00-20.00 hours), just before the dark phase (20.00 hours). In order to completely avoid any possible circadian effect, the animals were killed in an alternate manner, i.e., one rat from each group (NL, SL, LL), rather than all the animals from one experimental group before starting the next group.
Leptin RIA Plasma leptin levels were measured by RIA as previously described [31] [32] [33] using reagents provided by commercial kits (Rat leptin RIA, Linco Research, St. Charles, MO, USA). The sensitivity was 0.5 ng/ml, the coefficient of intra-assay and the coefficient of inter-assay variance were 3.3% and 4.8% respectively.
Glucose measurements The glucose levels of the animals were determined using a commercial kit based on a colorimetric method (Glucose, Spinreact, Gerona, Spain). Absorbance was measured at 490 nm.
RNA extraction Total RNA from hypothalamus tissue was extracted using Trizol Reagent (Invitrogen, Paisley, UK).
Reverse transcriptase-polymerase chain reaction The RT reaction was carried out in a volume of 30 μl containing 1 μg of total RNA, and incubated at 37°C for 60 min. The enzyme was inactivated by heating at 95°C for 5 min. We amplified 3 μl of the RT product, using specific sets of primers (Table 1A) . The temperature and times used were for OB-R isoforms: 34 cycles at 94°C (1 min), 54°C (1 min), 72°C (1 min); and for hypoxanthine guanine phosphoribosyltransferase (HPRT), which was used as a housekeeping gene: 28 cycles at 94°C (1 min), 63°C (1 min), 72°C (1 min). In all cases amplification was carried out with a final extension step at 72°C for 10 min. In order to ensure that the PCR reaction was performed within a linear range, samples were amplified for 15, 20, 25, 30, 35 and 40 cycles. Kinetics for HPRT and the different isoforms of OB-R have been published elsewhere [24, 31, 34] . The amplified products were resolved in a 2% agarose gel and quantified by densitometry using a digital imaging system (Molecular Analyst, Biorad, CA, USA) [24, 31, 32, 34] . All PCR products were digested with specific restriction enzymes and hybridised with complementary RNA or DNA probes or sequenced in order to determine their specificity [24, 31, 34] . The mRNA content of the different isoforms of OB-R was analysed in each hypothalamus individually.
In situ hybridisation Coronal hypothalamic sections (16 μm) were cut on a cryostat, and immediately stored at −80°C until hybridisation. For AgRP, CART, MCH, NPY, prepro-OX and TRH detection we employed the specific antisense oligodeoxynucleotides (Table 1B) . These probes were 3′-end labelled with 35 S-alpha-dATP using terminal deoxynucleotidyl transferase. The specificity of the probes was confirmed by incubating the sections with an excess of the unlabelled probes [25, 33, 35, 36] . In situ hybridisations were performed as already reported [25, 32, 33, 35, 36] . Briefly, the frozen sections were fixed with 4% paraformaldehyde in 0.1 mol/l phosphate buffer (pH 7.4) at room temperature for 30 min. They were then dehydrated using 70%, 80%, 90%, 95% and absolute ethanol (5 min each). The hybridisation was carried out overnight at 37°C in a moist chamber. Hybridisation solution contained 5×10 5 cpm (AgRP, CART, prepro-OX and TRH) or 1×10 6 cpm (MCH, NPY) per slide of the labelled probe, 4× SSC (20× In situ oligos  AgRP  AF206017  5′-CGACGCGGAGAACGAGACTCGCGGTTCTGTGGATCTAGCACCTCTGCC-3′  CART  M29712  5′-CCGAAGGAGGCTGTCACCCCTTCACA-3′  MCH  M29712  5′-CCAACAGGGTCGGTAGACTCGTCCCAGCAT-3′  NPY  M20373  5′-AGATGAGATGTGGGGGGAAACTAGGAAAAGTCAGGAGAGCAAGTTTCATT-3′  Prepro-OX AF041241  5′-TTCGTAGAGACGGCAGGAACACGTCTTCTGGCGACA-3′  TRH  M36317  5′-ATACCAGTTAGGGTGAAGATCAAAGCCAGAGCCAGCAGCAACCAA-3′ SSC: 3 mol/l sodium chloride, 0.3 mol/l sodium citrate, pH 7), 50% deionised formamide, 1× Denhardt's solution, 10% dextran sulphate and 10 μg/ml sheared, single-stranded salmon sperm DNA (all reagents from Sigma, St Louis, MO, USA). Afterwards, the hybridised sections were sequentially washed in 1× SSC at room temperature, four times in 1× SSC at 42°C (30 min per wash), one time in 1× SSC at room temperature (1 h), and then rinsed in water and ethanol. Finally, the sections were air-dried and exposed to Hyperfilm β-Max (Amersham, Buckinghamshire, UK) at room temperature for 4 to 6 days. To compare anatomically similar regions, the slides were matched according to a rat brain atlas [37] . The slides from control and treated animals, at each treatment time, were always exposed to the same autoradiographic film. For the AgRP and NPY analysis, the ARC was divided from rostral to caudal into four subdivisions based on three previous studies [38] [39] [40] , using the brain atlas [37] . In our study the anterior (rostral) ARC corresponded from the beginning of the dorsomedial nucleus (DMN) (coronal plate 20 of the rat brain atlas) to the compact zone of the DMN (coronal plate 21 of the rat brain atlas). The posterior (caudal) part of the ARC began with the disappearance of the DMN to the end of the ARC (coronal plate 22 of the rat brain atlas). The coronal brain sections were anatomically matched across animals from all the three groups. Due to AgRP and NPY coexpression in the same cells [3, 4, 40, 41] the study was performed in serial sections of each brain.
All sections were scanned and the specific hybridisation signal was quantified by densitometry using a digital imaging system (Molecular Analyst, Biorad) [24, 25, [32] [33] [34] [35] [36] . The optical density of the hybridisation signal was determined and subsequently corrected by the optical density of its adjacent background value. For this reason, a rectangle, with the same dimensions in each case, was drawn enclosing the hybridisation signal over each nucleus and over adjacent brain areas of each section (background). We used 16 to 20 sections for each animal (four to five slides, four sections per slide). The mean of these 16 to 20 values was used as the densitometry value for each animal. The coefficients of intra-assay variance were 5.8% for AgRP, 6.6% for CART, 6.3% for MCH, 6.9% for NPY, 5.4% for prepro-OX and 6.4% for TRH. The coefficients of interassay variance were 8.3% for AgRP, 8.4% for CART, 5.2% for MCH, 7.6% for NPY, 10.9% for prepro-OX and 9.5% for TRH.
Statistical analysis and data presentation Data were expressed as means±SEM and analysed using a computerised package for statistical analysis (GraphPad InStat 2.0.4, GraphPad Software, CA, USA). Statistically significant difference was determined by ANOVA followed by a post hoc multiple comparisons Bonferroni test. A p value of <0.05 was considered to be significant. Data of mRNA levels were presented as percentage change in relation to control values. 
Results
Effects of neonatal feeding on body weight, body size and relative body weight As shown in Fig. 1a and in Table 2 , SL males showed a significant increase in body weight gain during the suckling period until weaning. This increase in body weight was accompanied by an increment in body length (excluding tail: nasal-anal distance). However, there was a significant increase in the relative body weight (body weight/body length) of these animals when compared with the other experimental groups, indicating a state of obesity [22] . On the other hand, underfed 24-day-old LL males showed a significantly lower body weight, body length (excluding tail: nasal-anal distance) and relative body weight when compared with NL rats. The anatomical differences in 24-day-old male rats are illustrated in Fig. 1b . These differences in body weight were maintained in 60-day-old rats ( Table 2 ). At 90 days of age the body weight patterns were maintained (data not shown).
Effects of neonatal feeding on serum glucose and serum leptin levels Plasma glucose levels did not differ significantly among groups (Table 2 ). Leptin levels were altered, SL male rats were significantly hyperleptinaemic (p<0.05), whereas the LL group was markedly hypoleptinaemic (p<0.01). These differences were maintained at 60 days of age ( Table 2) .
Effects of neonatal feeding on hypothalamic mRNA content of OB-Rs Using RT-PCR analysis we detected a significant and selective decrease in the mRNA content of the long isoform of the leptin receptor (OB-Rb) in the hypothalamus of 24-day-old SL male rats. No changes were found in the short isoforms. In contrast, in 24-dayold LL male rats we found a significant increase in the hypothalamic mRNA content of the short OB-Rc and OBRf isoforms (Fig. 2) .
Effects of neonatal feeding on hypothalamic mRNA content of orexigenic and anorexigenic neuropeptides
We demonstrated an increase in the mRNA levels of hypothalamic AgRP and NPY in SL male rats. Interestingly, these changes were specifically located in the posterior (caudal) part of the ARC, without any change in the anterior (rostral) ARC. We were unable to demonstrate any change in the mRNA content of any of the other orexigenic neuropeptides evaluated in this study (NPY in DMN, MCH in LHA, and prepro-OX in LHA) in this group of obese young rats (Fig. 3) . Of the anorexigenic neuropeptides studied, we were able to detect a significant increase of CART mRNA content in the ARC, without any change in other nuclei expressing CART, such as the PVN and LHA (Fig. 3) . Pro-TRH mRNA levels were unchanged in these rats (Fig. 3) . Large-litter rats showed a large increment of the mRNA levels of AgRP and NPY in the ARC (both rostral and caudal parts), while no changes were observed in the DMN. Moreover, we were unable to find changes in MCH and prepro-OX mRNA levels in the LHA, CART mRNA levels in all nuclei studied (in the ARC, PVN and LHA) and pro-TRH mRNA content in the PVN (Fig. 3) .
Discussion
One classical model to study the effect of early overfeeding and underfeeding is the manipulation of the size of the rat litters in the first days of postnatal life [10, 22, [42] [43] [44] . Our data show that rats growing up in SLs gain more weight than rats growing up in NLs; moreover, as has been previously demonstrated, this phenotype is maintained in adulthood. On the other hand, rats raised in LLs show a delay in growth and a decrease in body weight. Although in this latter model the normal phenotype is recovered in adults [22] , our LL rats did not recover the normal values. The reason for this discrepancy with the previous data is not clear; it could be related to the different genetic background of the animals used in both studies: Wistar rats in the previous paper [22] and Sprague-Dawley in our study. Another possibility could be that in the previous report the weaning was set at 21 days [22] and we selected day 24 for the complete weaning of the LL pumps.
Alterations in the litter size of rats induce overfeeding, which leads to obese animals, or underfeeding which leads to lean phenotypes. This effect could be explained in terms of milk intake [10, 45] . The key aspect of the overfed model is that these rats maintain the obese phenotype throughout their lives [19, 22, 44] . These data suggest that perinatal feeding is a crucial factor in the development of obesity [22, 46, 47] . Thus, unravelling the hypothalamic mechanisms involved in feeding in these two experimental models (overfed and underfed neonatal rats) could help us to understand the influence that perinatal food intake has on the establishment of these central mechanisms, as well as on the development of these phenotypes.
In our study, early postnatal overfeeding (SL) induces a marked increment in the body weight of the rats. Their increase in body weight was accompanied by an increase in body length. Even with this increased body length, their relative body weight (body weight/body length) was significantly higher than the relative body weight of rats with normal feeding (NL), indicating an obese phenotype [10, 19] . This is further demonstrated by the high leptin levels observed in these rats, indicating a large amount of adipose tissue [5, 48] . On the other hand, underfed rats (LL) were, as expected, underweight and had an important decrease in both body length and relative body weight probably due to lower caloric intake [19, 44] . The reduction in the amount of adipose tissue induced an important decrease in plasma leptin levels. Very interestingly, all these changes were maintained at 60 days of age.
The hyperleptinaemia exhibited by the obese SL rats suggested that a state of leptin resistance might exist at the hypothalamic level [15] [16] [17] [18] , explaining the hyperphagia observed in this model [22, 45, 49] . In order to study this issue further, mRNA levels encoding the different leptin receptor isoforms were determined in the hypothalamus of NL, SL and LL rats. Interestingly, we found a specific decrease of the mRNA levels encoding the leptin receptor long isoform (OB-Rb) in the hypothalamus of SL rats compared to the NL group. This result suggests that a decrease in the expression of the long, biologically active form of the leptin receptor in the hypothalamus of the SL rats might explain, at least in part, a physiological resistance of these obese rats to the high levels of serum leptin. Leptin resistance based on a specific decrease in the OB-Rb in the hypothalamus has already been described during gestation in rats [31, 50] (another hyperleptinaemic and hyperphagic state) and is the major feature of obesity in the db/db model [5, 48] . Additionally, data obtained in humans have shown that high leptin concentrations (associated with greater body adiposity) during early postnatal life program a leptin-dependent feedback loop such that regulation of body fat is less sensitive to leptin in later life [14] . Our data suggest that the mechanisms involved in the effects of early feeding on leptin sensitivity could be mediated by changes in the expression of the different isoforms of leptin receptors. Of course, we cannot exclude that other possible mechanisms of leptin resistance, such as the saturation of the leptin transport across the blood-brain barrier [51, 52] , are present in the SL model. Further work will be needed to test this issue.
Regarding the lean LL rats, hypothalamic OB-Rb mRNA content was similar to that observed in NL rats, but we found an increased expression of two of the short forms of the leptin receptor, OB-Rc and OB-Rf. The function of these short isoforms is not very well established, but it has been proposed that they can act as leptin sequesters, because they bind leptin with high affinity but do not transduce signalling [4, 5] . Thus, our data might reflect a decrease in leptin signalling in the hypothalamus of these lean and food-restricted animals. Furthermore, this might amplify the effects induced by the low levels of leptin on feeding, including a further increase in orexigenic pathways. A similar mechanism has already been described in other hyperphagic states, such as lactation in rats [31] .
Numerous hypothalamic neuropeptides have been identified as possible regulators of food intake and metabolism [3, 4, 21, 53] . In order to unravel the feeding mechanisms involved in the development of the obese phenotype induced by neonatal overfeeding, we evaluated the mRNA levels of several hypothalamic orexigenic and anorexigenic neuropeptides, including AgRP, MCH, NPY and prepro-OX, (orexigenic), and CART and TRH (anorexigenic). NPY is a potent orexigenic peptide. For this action, it is mainly produced in the neurons located in the medial part of the arcuate hypothalamic nucleus, and the nerve fibres from this nucleus project into various hypothalamic sites that are implicated in the regulation of feeding behaviour, in particular the paraventricular nucleus (PVN) [3, 4, 53] .
AgRP is the most potent orexigenic peptide described so far. It is synthesised in the ARC, in neurons which coexpress both AgRP and NPY [3, 4, 40, 41] . Our data demonstrated a marked increase in the mRNA content of NPY and AgRP in the ARC nucleus of the obese SL rats. Very interestingly, this increase was restricted to the posterior (caudal) part of the nucleus, with no change in the anterior or medial part of the nucleus. This regional upregulation of AgRP and NPY mRNA levels in the caudal ARC has already been reported in another hyperphagic model, the lactating rat [39, 40] . These data together with our results suggest the existence of different populations of AgRP/NPY-synthesising neurons in the ARC. Moreover, this evidence indicates that these populations play different roles. On the other hand, our data indicate that caudal NPY-and AgRP-expressing neurons might be responsible, at least in part, for the obese phenotype of the SL rats. Taking into account the high serum leptin levels observed in the obese SL rats, the increase in NPY and AgRP expression in the ARC is somewhat surprising, as both neuropeptides are direct targets of leptin-inhibiting actions in the hypothalamus [3, 4] . However, the downregulation of the hypothalamic expression of OB-Rb exhibited by this group of animals might suggest this leptin resistance. Further studies using in situ hybridisation will be needed to prove whether the down-regulation of OB-Rb occurs specifically in the caudal part of the ARC.
Regarding the other orexigenic neuropeptides evaluated, there was no significant change in the expression of MCH and prepro-OX in the LHA in SL rats. These results suggest that MCH and the orexins are not likely to be implicated in the increase in food intake observed in these animals. Among the anorexigenic signals studied here, we only found an increase in the mRNA content of CART in the ARC, with no changes in the PVN or LH. CART mRNA expression in the ARC is stimulated by leptin [3, 4, 53, 54] and SL rats are hyperleptinaemic. In this case, our result could suggest that OB-Rb is regulated in a neuronal specific form in the ARC of obese animals, and that the described down-regulation shown in this work occurs specifically in the medial part of the caudal ARC where AgRP/NPY neurons are located [55] , but it does not occur in the lateral ARC, where CART neurons are located. This nuclei-specific pattern of regulation of CART expression has been previously described in other feeding disorders, such as those caused by alterations in thyroid status [32] and indicates different roles for these neuronal populations.
Finally, in the hypothalamus of LL rats we detected an increase in the mRNA levels of AgRP and NPY in the ARC (both rostral and caudal parts) that could increase the orexigenic signal in these underfed animals. This upregulation could be explained in terms of low leptin signalling, based on hypoleptinaemia combined with upregulation of the short isoforms of the leptin receptor. On the other hand, these data confirm and extend previous observations showing up-regulation of NPY protein concentration and immunoreactivity in this model [19] and the up-regulation of NPY mRNA levels in other neonatally undernourished rats [56] . In contrast, NPY in the DMN, MCH and prepro-OX mRNA levels in the LHA were not altered, suggesting that the different orexigenic signals play different roles in this underfed model. Moreover, the lack of change of orexin mRNA in these animals could be related to previous studies that demonstrate that prepro-OX expression is only regulated by leptin in fasting conditions [24] . No change was observed in the mRNA levels of the anorexigenic signals evaluated in this study, i.e., CART and TRH, in LL rats.
In summary, in this paper we demonstrate that perinatal feeding induces remarkable responses in leptin receptors and neuropeptides in the hypothalamus. We found that early feeding before weaning leads to changes in the expression of the different leptin receptor isoforms. In addition, our data showing that alterations acquired during early development of the function of hypothalamic regulatory centres, namely AgRP/NPY and CART neurons, could play a role in the development of disturbances in body weight homeostasis in adulthood. In particular, our data about rats overfed in the early postnatal state show a leptin-resistant state mediated by down-regulation of the OB-Rb isoform, together with increased expression of NPY and AgRP in specific neurons in the ARC, indicating the existence of disturbed hormone-dependent organisation in this nucleus. This may provide a new aetiopathogenic concept for susceptibility to obesity.
